Many cancer cells are characterized by aneuploidy. Increased cellular DNA content is often associated with advanced malignancy (1, 2) . Yet, only a limited amount of information is available on genetic changes involved in stomach cancers, which have the highest incidence among malignant diseases worldwide (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) . Amplification of asyet-unrecognized genes was expected to occur in stomach cancer, especially in the late stage of carcinogenesis. We have previously demonstrated the presence of amplified DNA sequences in several cancers (15) (16) (17) , including a KATO-III cell line, established from a signet-ring cell carcinoma of the stomach (18) , by the in-gel DNA renaturation method (19, 20) . We also reported cloning of a 0.2-kilobasepair (kbp) amplified DNA fragment from KATO-III cells. This 0.2-kbp fragment was designated as SAMO.2 (16, 17) . We have shown that DNA sequences containing SAMO.2 were amplified preferentially in poorly differentiated types of stomach cancer (17) .
Here we report isolation of the exon of a gene flanking SAMO.2, designated as the K-sam gene (KATO-III cellderived stomach cancer amplified gene), and characterization of the K-sam cDNA.* Sequence analysis of the K-sam cDNA showed that the gene encoded a receptor tyrosine kinase. The K-sam gene had significant homologies with mouse tyrosine kinase gene, bek (21) , chicken basic fibroblast growth factor (bFGF) receptor gene (22) , and humanfms-like gene, FLG (23) .
MATERIALS AND METHODS Cells and Tumors. The gastric cancer cell lines KATO-III (signet-ring cell carcinoma), OKAJIMA (poorly differentiated adenocarcinoma), SCH (choriocarcinoma), TMK1 (poorly differentiated adenocarcinoma), MKN1 (adenosquamous carcinoma), MKN7 (well-differentiated tubular adenocarcinoma), MKN28 (moderately differentiated tubular adenocarcinoma), MKN45 (poorly differentiated adenocarcinoma), and MKN74 (moderately differentiated tubular adenocarcinoma) were maintained as described (16, 18, 24, 25) . NSC3, NSC4, NSC8, and NSC10, the human stomach cancer cells transplanted to nude mice, are all poorly differentiated adenocarcinomas. Culture conditions and characteristics of the following cell lines have been mentioned elsewhere: small cell lung cancer, Lu135 (26) ; immature teratoma, NCC-IT (27) ; teratocarcinoma, NCC-EC-1 (27) .
Identification of the Exon. The SAMO.2 fragment was used to identify clones containing the exon flanking SAM0.2 from the bacteriophage charon 4A genomic library constructed from human placental DNA.
cDNA Library Construction. A cDNA library was constructed from the poly(A)+ RNA of KATO-I11 cells and cloned to the bacteriophage vector AgtlO (28, 29) . Phage DNA screening was carried out under the same conditions as described (30) .
cDNA Sequence Analysis. The K-sam cDNAs were inserted into the EcoRI site of M13mpl8 phage. The overlapping subclones were generated by the stepwise deletion method (31, 32) . Both strands of cDNA were sequenced in full by the dideoxy chain-termination method using deoxy-7-deazaguanosine triphosphate (33, 34) . Nucleotide and amino acid sequences were analyzed by the GENETYX programs (Software Development Co. Ltd., Tokyo, Japan) for a microcomputer and the IDEAS programs (35) for the VAX/VMS computer. The GenBank nucleic acid data base (release 60.0) and the Protein Identification Resource National Biomedical Research Foundation protein data base (release 20.0) were used for the homology search.
Nucleic Acid Hybridization. Southern blot hybridization analyses and blot hybridization analyses of RNA were performed under the high-stringency condition described previously (30, 36) .
Polymerase Chain Reaction (PCR). The method of cDNA PCR was essentially as described (37 
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Amplification of the K-sam Gene. Southern blot analyses were performed with the K-sam cDNA probes to compare DNAs from stomach cancer cell lines with human placental DNA (Figs. 1 and 3) . Among nine stomach cancer cell lines, including KATO-11, OKAJIMA, SCH, TMK1, MKN1, MKN7, MKN28, MKN45, and MKN74, K-sam amplification was detected only in KATO-Il1 cells. The K-sam7 full-length cDNA probe hybridized to seven EcoRI fragments with sizes of 12.5 kbp, 9.4 kbp, 7.9 kbp, 6.6 kbp, 5.2 kbp, 3.0 kbp, and 2.8 kbp in human placental DNA. In KATO-I11 cells there were at least two additional bands with sizes of 4.0 kbp and 3.4 kbp. The significance of these additional bands is not known. To determine to which part ofthe K-sam cDNA these seven fragments of human placental DNA correspond, Southern blot analysis was repeated with SR0.5 and RA0.7 as probes. The SRO.5 spanning tyrosine kinase domain of the K-sam cDNA, corresponding to nucleotide positions 2071-2604 of the K-sam7 cDNA, hybridized to the 12.5-kbp and 9.4-kbp bands, whereas the RA0.7, corresponding to positions 1-719, hybridized to 6.6-kbp and 5.2-kbp bands (Figs.  1 and 3) .
Gene Expression. RNA blot analysis of nine stomach cancer cell lines with the K-sam RAO.7 probe revealed that K-sam was highly expressed in KATO-III cells with a major 3.5-kb transcript. The K-sam 4.5-kb transcript was detected in OKAJIMA, MKN45, SCH, MKN28, and MKN74 cells. In SCH and KATO-III cells, a 1.8-kb transcript was also observed. In SCH and MKN45 cells, mRNA with a size of about 4.0 kb was detected. However, the origins of the 1.8-kb and 4.0-kb signals hybridized to the K-sam-specific RAO.7 probe are yet to be determined. In nude mouse xenografts, a 3.5-kb transcript was detected in NSC4 cells, whereas 3.5-and 4.5-kb transcripts were detected in NSC10 cells (Fig. 4) . The K-sam gene was also amplified in NSC4 and NSC10 cells (17) . PCR amplification with primer 1 and primer 2 was carried out to identify the K-sam transcripts in MKN28 and MKN45 cells, which showed a 4.5-kb mRNA hybridized to the K-sam probes, indicating that the 4.5-kb band was not generated by nonspecific hybridization to 28S rRNA. The PCR products showed the expected sizes, hybridized to the K-sam cDNA, and contained the expected internal restriction enzyme sites, indicating that the 4.5-kb transcript was encoded by the K-sam gene. The same results were obtained by PCR amplification with primer 3 and primer 4 (data not shown). RNA blot analysis revealed that the K-sam mRNA was also detected in the small cell lung cancer cell line Lu-135, immature teratoma cell line NCC-IT, and teratocarcinoma cell line NCC-EC-1 (Fig. 4) . In NCC-IT, the SRO.5 K-sam probe hybridized to 4.0-kb mRNA in addition to 4.5-kb mRNA. 2) , SRO.5 (lanes 3 and 4) , or RAO.7 (lanes 5 and 6). Lanes 1, 3, and 5, human placenta; lanes 2, 4, and 6, KATO-II cells. Films of lanes 4 and 6 were exposed for 30 min at room temperature, and those of other lanes were exposed overnight at -70°C. 
DISCUSSION
In this paper, we identify and characterize the K-sam cDNA. The K-sam product was significantly homologous to the chicken bFGF receptor (22) . This suggests that the K-sam product is one ofthe receptors for the heparin-binding growth factor family, such as acidic and basic FGFs, HSTIl (30, 36) , HS12/FGF6 (41, 42) , INT-2 (43), FGF5 (44) , and keratinocyte growth factor (45) . The tyrosine kinase domain of the K-sam cDNA, corresponding to nucleotide positions 1750-2668, had 88% homology at the nucleotide level with the mouse bek cDNA. However, the sequence other than that of the tyrosine kinase domain of the bek gene is not available, and it is not possible to conclude whether the K-sam gene is the human counterpart of the mouse bek gene. The gene products of K-sam, N-sam, bek, FLG, and chicken bFGF receptor can establish a family of the receptors for heparinbinding growth factors. According to results of the homology search, at least two classes of heparin-binding growth factor receptors likely exist: the one is encoded by K-sam (human) or bek (mouse), and the other is encoded by N-sam/FLG (human), the chicken bFGF receptor gene, or cek 1.
The presence of the immunoglobulin-like domain was suggested in chicken bFGF receptor (22) , and the K-sam product had two sets of the immunoglobulin-like domain in the extracellular domain. One immunoglobulin-like domain was encoded by the repeated sequence of the 1075-1413 nucleotides. Thus, this repeated sequence could have some important biological function such as ligand recognition.
The 14 amino acids inserted in the tyrosine kinase domain were as long as those of the bek protein, the chicken bFGF receptor, and the FLG protein and were much shorter than those of platelet-derived growth factor receptors, the colonystimulating factor 1 receptor, and the c-kit protein (40, 46) .
We do not know whether the kinase insert was essential to Proc. Natl. Acad. Sci. USA 87 (1990) signal transduction as has been studied in detail in plateletderived growth factor receptor (47) .
Amplification of the K-sam gene was restricted to poorly differentiated types of stomach cancer (17) . In contrast, amplification of c-erbB-2, the gene for another receptor tyrosine kinase, was confined to well-differentiated adenocarcinomas (12) . The biological significance of amplification of these two different genes remains yet to be determined.
Thus far, the size of the predominant mRNA hybridized to the K-sam probe was 3.5 kb in the cells with the amplified K-sam gene, such as KATO-III cells and nude mice xenografts NSC4 and NSC10, whereas in the cells without the amplified K-sam gene it was 4.5 kb. It is likely that the 3.5-kb and 4.5-kb K-sam transcripts are generated by differential splicing of this gene.
Identification of the ligand for the K-sam protein will give us a crucial insight into the biological roles of the family of heparin-binding growth factors and their receptors in normal cells and in cancers, especially in gastric cancers.
